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ABSTRACT

Background: The emergence of drug-resistant strains of IMycobacterium tuberculosis (MTB) is an increasing problem in
developed and developing countries. The aims of the present study.were to identify various types of mutations in katG region
from 28 MDR strains isolated from sputum of tuberculosis patients.

Materials and Methods: Twenty-eight rifampin-resistant strains isolated from sputum of patients with active pulmonary
tuberculosis were obtained from various geographic regions of Iran. Drug susceptibility was determined by using the
BACTEC system. DNA extraction, standard PCRidentification, katG gene amplification, DNA sequencing and analysis were
done.

Results: There was no mutation in 2 strains..In 20 strains, mutation was shown to be in codon 315. Three types of mutations
were detected consisting of AGC—ACC (Ser—Thr) (80%), AGC—AGG (Ser—Arg) (5%) and AGC—AAC(Ser—Asn)
(16%).Furthermore, one type of mutation was seen in codons 311, 299, and 323. Twelve strains showed one mutation in
codon 315 (46%), 7 strains 2 mutations (27%), 5 isolate 3 mutations (19%) and in 2 strains 4 mutations (8%) were observed
in different codons. Nine silent mutations was demonstrated in codon 311(GAC—TAC ).

Conclusion: This research demonstrated that mutations were mostly seen in codons 315 and 299 indicating resistance to
isoniazide. (Tanaffos 2006; 5(1):31- 36)
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INTRODUCTION

The emergence of drug-resistant strains of problem in developed and developing countries (1, 2,
Mycobacterium tuberculosis (MTB) is an increasing 3). Rifampicine (RIF) and isoniazid (INH) are
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multidrug resistant M. tuberculosis infection. Several
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involved in development of resistance to isoniazid. In
the United States, about 13% of isolates from new
tuberculosis cases are resistant to one or more of the
first-line anti-tuberculosis drugs, and 1.6% of cases
are resistant to both isoniazid and rifampicine,
defined as multi-drug resistant tuberculosis (4, 5, 6,
7). Since its discovery five decades ago (8, 9, 10, 11),
isoniazid has been commonly used to treat and
prevent tuberculosis. Despite its importance, only
recently its insight detail has been described with
molecular mechanism of isoniazid action. It is now
understood that isoniazid is a prodrug (12, 13) which
is converted into a biologically active form by M.
tuberculosis catalase-peroxidase, KatG (14, 15, 16,
17). Two enzymes involved in the biosynthesis of
mycolic acids have been suggested to be the targets
of KatG-activated isoniazid: the NADH-dependent
enoyl-acyl carrier protein reductase (InhA) (15, 18)
and the-ketoacyl-acyl carrier protein synthase
(designated KasA) (6, 15, 19, 20). Resistance’ to
isonizide in CDC1551 and H37RYV strains, has been
shown to correspond with catalyse peroxides enzyme
in region of 2153889 to 2156111 (H37RV) 2151180
to 2153402 (CDC 1551) and Catalase peroxides T in
75186 to 77408 DNA molecule (Blast/pubMed-Gene
bank).

The aims of the present study, were to identify
various type of mutations in katG region from 28
MDR strains isolated from sputum of tuberculosis
patients in the southern endemic region of Iran
(Afghanistan border, Zabol).

MATERIALS AND METHODS
Mycobacterial strains and Susceptibility

From total 91 strains, 28 isoniazid-resistant strains
were isolated from sputum of patients with active
pulmonary tuberculosis, from July to September

2005. All strains were cultured on Lowenstein—

Jensen solid medium and identified to the species
level using TCH (2-thiophene carboxylic acid) and
PN99B (paranitrobenzoic acid) selective media or by
standard biochemical procedures (21).

Drug susceptibility testing was performed by
BACTEC system and CDC procedure (isoniazid 1
pg/mL, rifampin 40 pg/mL, streptomycin 10 pg/mL,
or ecthambutol 2 pg/mL) (21), using absolute
concentration method on slants with H37RV strain of
M. tuberculosis as positive control. Resistance was
defined as growth on solid media containing graded
concentrations of drugs with more than 20 CFU at a
specific drug concentration. The breakpoints for INH
were 1pug/ml on Lowenstein-Jensen medium and 0.1
pug/ml on the' BACTEC system; for RIF, 40.0 pg/ml
on Lowenstein-Jensen medium and 2.0 pg/ml on the
BACTEC system.

Standard PCR identification and katG gene amplification.

DNA extraction was done by Fermentase kit
(K512), and DNA purification by Fermentase kit
(k513).

Twenty-nine isoniazid-resistant isolates were
collected and DNA extraction was done (kit
manufacture procedure). DNA isolated from M.
tuberculosis CDC1551 and Mycobacterium H37RV
strains was used as control. A 209 bp segment of the
katG gene was amplified by PCR with the following
synthetic oligonucleotide primers: katG F 5-
GAAACAGCGGCGCTGGATCGT-3, katG R 5-
GTTGTCCCATTTCGTCGGGG-3. The following
thermocycler parameters were used: initial
denaturation at 94°C for 5 min; 42 cycles of
denaturation at 94°C for 1 min; primer annealing at
57°C for 1 min; extension at 72°C for 1 min; and a
final extension at 72°C for 10 min. The products
were checked and purified on the gel electrophoresis
(FIG. 1) and purified katG segment were amplified.
The resultant DNA amplifications were used for

sequencing.
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Figure 1. 209-bp fragment of the katG segment amplified for
purification and sequencing.
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Figure 2. Location, type, frequency of mutations in kat G gene in
region of 309-328 bp (29 strains of M. tuberculosis)

DNA sequencing

A 209-bp fragment of katG gene was amplified by
PCR using primers katG R 5-
GTTGTCCCATTTCGTCGGGG-3.
chain reaction(PCR) was carried out in 50 pl
containing 2 ul KCI, 2 ul Tris (pH 8.0), 1.5 ul
MgCl,, 5 ul ANTP, 1UTaq polymerase, 27. ul water
(molecular grade), 20 pmol of each primer and 6-10

Polymerase

pul of DNA template. For/sequencing, the same
primers with PCR parameters were used; 33 cycles of
denaturation at 94°C for 30min; primer annealing at
48°C for 45 sec; and extension at 60°C for 4 min.
The katG gene fragments of tuberculosis strains were
sequenced using the Amersham auto sequencer and
Amersham Pharmacia DYEnamic ET Terminator
Cycle Sequencing Premix Kits.
Analyzing of DNA sequencing

Alignment of the DNA fragments (katG) was
carried out with the help of MEGA and DNAMAN
software (Blast/PubMed-Gene bank) and the samples
were compared with standard strains of CDC 1551,
H37RV and M. tuberculosis 210.
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RESULTS
Mycobacterial strains and susceptibility

All 28 samples were cultured and identified as M.
tuberculosis by PCR method. 48 mutations were
detected in all stains.
PCR and DNA sequencing analysis

From 91 strains, 4 isolates were identified as Non-
(NTM)
different pattern in PCR and sequencing. From 28

Tuberculous ~ Mycobacteria indicating
INH-r, 2 strains showed no mutation and in 20 strains
mutations were observed in codon 315, revealing
three types.of mutations consisting of AGC—ACC
(Ser=Thr) (80%), AGC—AGG (Ser—Arg) (5%)
and ‘AGC—AAC (Ser—Asn) (15%). One type of
codon 299

GGC—AGC and changes in amino acid Gly — Ser.

mutation »-detected in indicating
In codon 311 (katG) only one base change was
obtained Tyr — Tyr (GAC — TAC) in nine strains
demonstrating a none sense mutation. Furthermore,
only one mutation was observed in codons 311,299
and 322, and in 12 strains one mutation in codon 315
(46%) , in 7 strains 2 mutations (27 %) , in 5 strains
3 mutations (19%) and in 2 isolates 4 mutations
(8%) were obtained respectively. No mutations were
demonstrated in two M. tuberculosis INH-r resistant

strains.

DISCUSSION

Most of hot mutations of M. tuberculosis have
been reported in codon 463 (CGG—CTG) and 315
(Thr—ser) and a fewer number were observed in
other codons (1, 9, 10, 17, 22). In this research most
mutations in 209 bp fragment were observed in
codon 315, indicating three types of mutations
AGC—ACC, AGC—AGG, AGC—AAC in 20
strains, which reflect 75% of all Iranian isolates. A
fewer number of mutations were detected in codon

299,311, and 322 (table 1 and 2).

Tanaffos 2006; 5(1):31-36
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Table 1. DNA sequencing data for katG mutations in INH-r M.
tuberculosis strains from Iran
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315(n=20) AGC—ACC Ser—Thr 16
AGC—AGG Ser—Arg 1
AGC—AAC Ser—Asn 3
299(n=8) GGC—AGC(n=8) Gly—ser 8
311(n=9) GAC—TAC (n=9) Tyr—Tyr 9
309(n=2) GGT—GTT (n=2) Gly—Val 2
322(n=6) AAC—ATC (n=6) Asn—lle 6
324(n=3) CCG—GCG (n=3) Pro—Ala 3

Table 2. Various number of mutations and related codons for
katG mutations in INH-r M. tuberculosis strains from Iran

Mutation Many  Numbercodon Many Isolate number

3542-600-
98(1384)-9-10-
19-3548-441-48-

1 Mutation 12 315 12
3708-
1619(mac)-29
633-12
315-309 2
663
315-323 1
108-303(281)
. 7 315-325 2
2 Mutations 411
299-311 1
610
311-315 1
315-299-311 1 159
. 5 311-299-323 3 163-167-165
3 Mutations
299-311-325 1 161
. 299-311-315-323 1 290
4 Mutations 2
299-311-323-315 1 710

Other authors reported following nucleotide
changes in codon 315 in some other countries,
consisting of (AGC—ACC, ACA, ACT, ATC,

AAC) (17, 22, 23, 24). In contrast, our data indicate
AGC—ACC.
Furthermore, we observed one rare mutation as
AGC—AGG which has not yet been reported.
Mutation in codon 311 (9 strains) revealed a silent

higher nucleotide changes as

mutation which has no effect on resistance.
Nucleotide changes observed in codon 322
AAC—ATC (n=6) and 299 GGC—AGC (n=8)
resulted in aminoacid changes as Asn—lle and
Gly—ser respectively, which also have not yet been
reported and/may play a role in emergence of
resistance due to changes in cell wall or preplasmic
protein. Our. data reveal observation of two INH-r
resistant strains. with no mutation indicating
phenotypic resistant. In addition to mutation in
catalyse peroxides gene (katG) in the codon 315, 463
other mutations have also been reported in codon 279
(Poland) 88 and 155 (Russia) which have not been
demonstrated in our study. This study also
demonstrated that 65% of the 28 INH-r strains had
similar genetic pattern (katG) with Mycobacterium
tuberculosis 210(Beijing strain), when compared
with standard strains H37RV, CDCI1551 and
210.These results may indicate that different types of
mutation observed in codons 315, 299 and 322 may
reflect geographic and epidemiologic position in the
southern endemic region of Iran (Afghanistan border,
Zabol). Changes in codon 299 and 322 were also
associated with INH-r
studies showed that there were additional genes

resistance in Iran .Other

responsible for INH resistance ,such as inhA, ahpC,
oxyR and kasA genes (6, 25 ), that had not been
studied in this research. Further investigation is
needed to find out whether any changes in other
genes may affect INH resistance.

ACKNOWLEDGMENT

Authors are indebted to colleagues from
Department of Mycobacteriology of Pasture Institute
of Iran.

Tanaffos 2006, 5(1):31-36



REFERENCES

1.

Abate G, Hoffner SE, Thomsen VO, Miomer H.

Characterization  of  isoniazid-resistant  strains  of
Mycobacterium tuberculosis on the basis of phenotypic
properties and mutations in katG. Eur J Clin Microbiol
Infect Dis 2001; 20 (5): 329- 33.

Gomez JE, McKinney JD. M. tuberculosis persistence,
latency, and drug tolerance. Tuberculosis (Edinb) 2004; 84
(1-2): 29- 44.

Nicholson WL, Maughan H. The spectrum of spontaneous
rifampin resistance mutations in the rpoB gene of Bacillus
subtilis 168 spores differs from that of vegetative cells and
resembles that of Mycobacterium tuberculosis. J Bacteriol
2002; 184 (17): 4936- 40.

Yershov G, Barsky V, Belgovskiy A, Kirillov E, Kreindlin E,
Ivanov I, et al. DNA analysis
oligonucleotide microchips. Proc Natl Acad Sci U S A 1996;
93 (10): 4913- 8.

Kim BJ, Hong SK, Lee KH, Yun YJ, Kim EC, Park YG, et

and diagnostics on

al. Differential identification of Mycobacterium tuberculosis
complex and nontuberculous mycobacteria by duplex PCR
assay using the RNA polymerase gene (rpoB). J Clin
Microbiol 2004; 42 (3): 1308- 12.

Slayden RA, Barry CE 3™. The role of KasA and KasB in the
biosynthesis of meromycolic acids and isoniazid resistance in
Mycobacterium tuberculosis. Tuberculosis (Edinb) 2002; 82
(4-5): 149- 60.

Telenti A, Imboden P, Marchesi F, Lowrie D, Cole S,
Colston MJ, et _al. Detection of rifampicin-resistance
mutations in Mycobacterium-tuberculosis. Lancet 1993; 341
(8846): 647- 50.

Bahrmand AR, Velayati AA, Bakayev VV. Prevalence of
drug-resistant Mycobacterium tuberculosis and monitoring
therapy in tuberculosis patients in Tehran. International
Journal of Tuberculosis and Lung Disease 2000; 4 (6): 544-
49.

Herrera-Leon L, Molina T, Saiz P, Saez-Nieto JA, Jimenez
MS. New multiplex PCR for rapid detection of isoniazid-
clinical isolates.

resistant Mycobacterium tuberculosis

Antimicrob Agents Chemother 2005; 49 (1): 144- 7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bahrmand AR, etal. 35

Mokrousov I, Otten T, Filipenko M, Vyazovaya A, Chrapov
E, Limeschenko E, et al. Detection of isoniazid-resistant
Mycobacterium tuberculosis strains by a multiplex allele-
specific PCR assay targeting katG codon 315 variation. J
Clin Microbiol 2002; 40 (7): 2509- 12.

Kotlowski R, Martin A, Ablordey A, Chemlal K, Fonteyne
PA, Portaels F. One-tube cell lysis and DNA extraction
procedure for PCR-based detection of Mycobacterium
ulcerans in aquatic insects, molluscs and fish. J Med
Microbiol 2004; 53 (Pt 9): 927- 33.

Masjedi MR, Tabatabaee SDJ, Salek A, Velayati AA.
National Tuberculosis guide. Tehran; NRITLD, 1997.
Mohammadi-M. Prevalence of drug-resistant Mycobacterium
tuberculosis in Iran. J Pasteur Inst. Iran 1990; 4: 39- 42.
Mokrousov 1, Bhanu NV, Suffys PN, Kadival GV, Yap SF,
Cho SN, et al. Multicenter evaluation of reverse line blot
assay for detection of drug resistance in Mycobacterium
tuberculosis clinical isolates. J Microbiol Methods 2004; 57
(3):323-35.

Kiepiela P, Bishop KS, Smith AN, Roux L, York DF.
Genomic mutations in the katG, inhA and aphC genes are
useful for the prediction of isoniazid resistance in
Mycobacterium tuberculosis isolates from Kwazulu Natal,
South Africa. Tuber Lung Dis 2000; 80 (1): 47- 56.

Lin SY, Probert W, Lo M, Desmond E. Rapid detection of
isoniazid and  rifampin  resistance = mutations in
Mycobacterium tuberculosis complex from cultures or
smear-positive sputa by use of molecular beacons. J Clin
Microbiol 2004; 42 (9): 4204- 8.

Mokrousov I, Narvskaya O, Otten T, Limeschenko E,
Steklova L, Vyshnevskiy B. High prevalence of KatG
Ser315Thr isoniazid-resistant

substitution among

Mycobacterium  tuberculosis  clinical isolates  from
northwestern Russia, 1996 to 2001. Amntimicrob Agents
Chemother 2002; 46 (5): 1417- 24.

Rindi L, Bianchi L, Tortoli E, Lari N, Bonanni D, Garzelli
C. A real-time PCR assay for detection of isoniazid
resistance in Mycobacterium tuberculosis clinical isolates. J

Microbiol Methods 2003; 55 (3): 797- 800.

Tanaffos 2006, 5(1):31-36



36

19.

20.

21.

22.

katG gene Mutation of M. uberculosis

Mokrousov I, Otten T, Filipenko M, Vyazovaya A, Chrapov
E, Limeschenko E, et al. Detection of isoniazid-resistant
Mycobacterium tuberculosis strains by a multiplex allele-
specific PCR assay targeting katG codon 315 variation. J
Clin Microbiol 2002; 40 (7): 2509- 12.

Velayati AA, Mohammadi M. Childhood respiratory
tuberculosis in Iran. Med J Islamic republic Iran 1990; 4: 1-
4

Kent PT, Kubica, GP. Public Health Mycobacteriology, a
guide for the level III laboratory, CDC, U S. Department of
Health and Human Service Publication no. (CDC) 86-
216546, Atlanta. 1985 pp.21-30.

Narvskaia OV, Mokrousov IV, Otten TF, Vishnevskii BI.
[Genetic  marking of polyresistant mycobacterium
tuberculosis strains isolated in the north-west of Russia].

Probl Tuberk 1999; (3): 39- 41.

23.

24.

25.

Marin M, Garcia de Viedma D, Ruiz-Serrano MJ, Bouza E.
Rapid direct detection of multiple rifampin and isoniazid
resistance mutations in Mycobacterium tuberculosis in
respiratory samples by real-time PCR. Antimicrob Agents
Chemother 2004; 48 (11): 4293- 300.

Nollau P, Wagener C. Methods for detection of point
mutations: performance and quality assessment. IFCC
Scientific Division,
Techniques. Clin Chem 1997, 43 (7): 1114-28.

Ruiz M, Torres MIJ; Llanos AC, Arroyo A, Palomares JC,

Committee on Molecular Biology

Aznar J. Direct detection of rifampin- and isoniazid-resistant
Mycobacterium tuberculosis in auramine-rhodamine-positive
sputum.specimens by real-time PCR. J Clin Microbiol 2004;
42 (4): 1585-9.

Tanaffos 2006, 5(1):31-36



